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It is well established that the notochord influences the development of adjacent neural and mesodermal tissue. Involvement
of the notochord in the differentiation of the dorsal pancreas has been demonstrated. However, our knowledge of the signals
involved in pancreatic development is still incomplete. In order to identify proteins potentially implicated during pancreatic
differentiation, we raised and characterized monoclonal antibodies against previously established embryonic pancreatic
ductal epithelial cell lines (BUD and RED). Using the MAb 2117, the cell surface antigen 2117 (Ag 2117) was cloned. The
predicted sequence for Ag 2117 is the rat homologue of BEN. Initially reported as a protein expressed on epithelial cells of
the chicken bursa of Fabricius, BEN is expressed in a variety of tissues during development and described as a marker for
the developing central and peripheral chicken nervous systems. A role has been suggested for BEN in the adhesion of stem
cells and progenitor cells to the blood-forming tissue microenvironment. In this study, we demonstrate that BEN, initially
expressed exclusively in the notochord during the early development of rat, is implicated in pancreatic development. We
show that Ag 2117 regulates the pancreatic epithelial cell growth through the ras and Jun kinase pathways. In addition, we
demonstrate that Ag 2117 is able to regulate the expression of the transcription factor PDX1, required for insulin gene
expression, in embryonic pancreas organ cultures. © 1999 Academic PressKey Words: pancreas development; BEN; notochord; ras proteins; Jun kinase.INTRODUCTION
Cell differentiation and organ development require com-
plex cellular interactions involving secreted polypeptides,
cell surface proteins, and extracellular matrix molecules.
During embryogenesis, endoderm-mesoderm interactions
are clearly crucial for the development of vertebrate respi-
ratory and digestive organs including trachea, lungs, stom-
ach, intestines, and pancreas (Bellusci et al., 1997; Golosow
and Grobstein, 1962; Haffen et al., 1989; Wessells and
Cohen, 1967). It is known that in the case of neurectoderm
and somitic mesoderm, patterning is partially controlled by
inductive interactions with the notochord via contact-
dependent and diffusible signals (Placzek and Furley, 1996;
Pourquie et al., 1993). Several recent studies highlight the
role of the notochord during the development of the pan-
creas, through the repression of sonic hedgehog (SHH)
expression in the early pancreatic endoderm (Hebrok et al.,
1998; Kim et al., 1997). In addition, many genes expressed
in the neurectoderm are also expressed in the developing
pancreas (Ahlgren et al., 1997; Kim et al., 1997; Rudnick et
264al., 1994; Turque et al., 1994). The pancreas develops from
the gut endodermal epithelium starting at e11 in the rat
embryo. A portion of the gut becomes committed to pan-
creatic differentiation, thickens to form a structure called
the pancreatic bud, and then undergoes branching morpho-
genesis to elaborate the complete pancreatic duct system
(Rao et al., 1990). The ductal epithelium continues to
differentiate to form the exocrine acinar tissue (Gu et al.,
1994). Late in development, and postnatally, islet progeni-
tor cells arise from the pancreatic ductal epithelium and
undergo a differentiation process that leads to the formation
of mature islets (Alpert et al., 1988). This differentiation
process is of particular interest since islet neogenesis can be
stimulated during certain chemical treatments, injury, and
pathological states and under normal conditions like preg-
nancy (Finegood et al., 1995; Marynissen et al., 1983).
However, neither the characteristics of islet progenitor cells
nor the factors that control their cytodifferentiation are
well studied. Nevertheless, the differentiation process of
the endocrine tissue seems to be largely controlled by
paracrine and autocrine interactions (Dudek and Lawrence,
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265Function of BEN during Rat Development1988; Wang et al., 1995). Since cell surface proteins are
known to be involved in many instances of tissue remod-
eling, it is of particular interest to ascertain which cell
surface proteins are present on early pancreatic ductal
epithelium.
The BUD and RED epithelial cell lines were established
from rat e12 embryonic pancreatic bud epithelium and rat
e17 ductal epithelium, respectively (Stephan et al., 1999)
Monoclonal antibodies raised against BUD and RED cell
surface proteins were generated, characterized, and used to
clone the genes coding for the membrane proteins poten-
tially involved in pancreatic differentiation. Using this
approach, we cloned the gene coding for antigen 2117 (Ag
2117) recognized by MAb 2117. The predicted sequence for
Ag 2117 is homologous to the rat homologue of BEN
(Uchida et al., 1997), known also as ALCAM (activated
leukocyte-cell adhesion molecule) (Bowen et al., 1995),
HCA (hematopoietic cell antigen) (Uchida et al., 1997),
DM-GRASP (Burns et al., 1991), and SC1 (Tanaka et al.,
1991). During development, this cell surface adhesion mol-
ecule, initially discovered to be expressed on epithelial cells
of the chicken bursa of Fabricius, was shown to be ex-
pressed in a variety of tissues originating from the three
embryonic germ layers (Pourquie et al., 1992). BEN, de-
scribed as a marker in the developing central and peripheral
chicken nervous systems, is also expressed on the hemato-
poietic stem cell surface (Corbel et al., 1992; Pourquie et al.,
1992). A role in the adhesion of stem cells and progenitor
cells in the microenvironment of blood-forming tissues was
suggested for the human homologue of BEN (Uchida et al.,
1997). In addition, it has been suggested that the human
homologue of BEN is a CD6 ligand (Bowen et al., 1995).
Immunohistochemistry performed on e10 and e11 rat
embryos revealed, for the first time, the presence of Ag 2117
exclusively in the notochord. A continuous expression of
Ag 2117 in the pancreas, kidney, and brain from the e12
embryo to adult rat was also seen. Our in vitro experiments
on BUD cells, using the MAb 2117 and a purified fusion
protein combining the Ag 2117 extracellular domain with a
HIS-6 tag, implicate the rat homologue of BEN in the
regulation of pancreatic epithelial cell growth. In addition,
our studies provide evidence that BEN activates the ras and
Jun kinase (Jnk) pathway and regulates the expression of the
homeodomain-containing transcription factor for insulin
gene expression PDX1, which appears before insulin during
the ontogeny of the mouse pancreas (Guz et al., 1995;
Miller et al., 1994).
MATERIALS AND METHODS
Cell Lines and Anti-BUD/RED Cell Monoclonal
Antibody MAb 2117
Protodifferentiated pancreatic cell lines, called BUD and RED
cell lines, were generated as previously described, from rat e12
embryonic pancreatic bud and rat e17 ductal epithelium, respec-
Copyright © 1999 by Academic Press. All righttively. BUD and RED cells were cultured as described elsewhere
(Stephan et al., 1999).
Intact BUD or RED cells (5 3 106) were alternatively injected
into Balb/c mice, weekly for 10 to 15 weeks as described previously
(Stephan et al., 1999). Sera from the immunized mice were tested
for antibodies to BUD and RED cells, by FACS analysis of binding,
and lymphocytes from mouse with the highest titer were fused
with the mouse myeloma line X63-Ag8.653 using 50% polyethyl-
ene glycol 4000 according to the procedure described elsewhere (Oi
et al., 1983). On day 10 following the fusion, the hybridoma
supernatants were screened for the presence of BUD/RED-specific
Abs by FACS. The hybrids producing MAbs that bound to BUD and
RED cell lines were selected as previously described (Stephan et al.,
1999) and MAbs were produced in ascites. The antibodies were
purified on protein A–Sepharose columns (Fermentech, Inc., Edin-
burgh, Scotland) and stored sterile in PBS at 4°C.
FACS Analysis
Cells were detached from tissue culture flasks in the presence of
0.5 mM EDTA for 15 min, treated for 10 min with collagenase/
dispase (Boehringer Mannheim, Indianapolis, IN), centrifuged at
1400 rpm for 5 min, and resuspended in PBS containing 1% BSA
and 2 mM EDTA (FACS diluent). The cells were counted and
adjusted to 107 cells/ml and 0.1 ml of cells was incubated with 1 mg
f purified MAbs in 100 ml of FACS diluent for 30 min at 4°C. The
samples were washed, resuspended in 0.1 ml diluent, and incubated
with 1 mg of a FITC-conjugated F(ab9)2 fragment of goat anti-mouse
gG for 30 min at 4°C. The cells were washed, resuspended in 0.5
l FACS diluent, and analyzed using a FACScan cell sorter
Becton–Dickinson, Mountain View, CA).
Immunochemistry (IHC) Procedure
Embryos were OCT embedded and snap-frozen in liquid nitrogen
immediately after removal from 12-, 15-, or 18-day pregnant
Sprague–Dawley rats and stored at 270°C until sectioning. Sec-
tions of 4- to 6-mm thickness were cut on a cryostat and treated
according to the procedure described elsewhere (Stephan et al.,
1999). Sections were overlaid with MAb 2117 (1.8 mg/ml) for 2 h,
rinsed, and incubated with biotin-conjugated rat anti-mouse IgG1
(1:500) (Zymed, San Francisco, CA) for 2 h and peroxidase-
conjugated streptavidin (4 mg/ml) (Jackson, West Grove, FL) for 30
min. After several rinses in PBS, immunostaining was developed
for 10–15 min with 3-amino-9-ethylcarbazole (Dako, Carpinteria,
CA). Sections were counterstained with Mayer’s hematoxylin and
mounted in glycergel (Dako).
The region containing the stomach, gut, and pancreas was
dissected from 12-day rat embryos and fixed in 3% paraformalde-
hyde overnight. After washes, permeabilization with acetone at
220°C for 7 min, and blocking of the endogenous immunoglobulin
binding sites with PBS/1% BSA/1% DMSO/2% goat serum, tissues
were incubated overnight either with a rabbit polyclonal anti-rat
PDX1 (1:1000) or with the MAb 2117 (1:400). Immunostaining was
analyzed after an overnight incubation either with the secondary
antibody Cy3-conjugated affinity-purified goat anti-mouse or with
rabbit IgG.
mRNA Isolation and cDNA Library ConstructionMessenger RNA was isolated directly from cultured BUD cells
using the InVitrogen FastTrack 2.0 mRNA Isolation System. Ori-
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266 Stephan et al.ented cDNA transcripts were prepared from 5 mg poly(A)1 mRNA
using the Gibco BRL SuperScript Plasmid System (Gibco BRL,
Grand Island, NY) and fractionated on 5% acrylamide–TBE slab gel.
Eluted cDNAs were ligated into the XhoI–NotI sites of the mam-
malian expression vector pRK5D and then electroporated into
Gibco BRL DH10B cells under conditions recommended by the
manufacturer.
Recovery of cDNA Clones by Panning
Screening of the BUD cell library was carried out using a
modified version of a technique previously described (Seed and
Aruffo, 1987; Stephan et al., 1999). Briefly, after 2 days of culture,
BUD cell cDNA library-transfected COS cells were resuspended
and then incubated with MAb 2117 (2 mg/ml). After 1 h incuba-
tion, transfected cells were plated onto dishes coated with affinity-
purified rabbit anti-mouse IgG. A Hirt supernatant was prepared
from adherent cells and used to transform competent Escherichia
coli. After amplification, bacterial colonies were harvested, then
plasmid cDNA was isolated by the alkaline miniprep method
(Birnboim and Doly, 1979) and transfected into COS cells to
perform a new round of immunoselection. After 8 rounds of
panning the cDNA clone 2117 was purified.
DNA Sequence Determination and Analysis
ABI Dye-Terminator chemistry (PE Applied Biosystems, Foster
City, CA) was used to sequence the clone 2117 with a primer-
walking strategy (Sanger et al., 1977). The sequences were collected
ith an ABI377 instrument (PE Applied Biosystems). The se-
uences generated by the different walking primers for both DNA
trands were edited and assembled in the Sequencer (Gene Codes
orp, Ann Arbor, MI). Sequence analysis was performed using the
n-house sequence analysis program (Genentech, Inc., South San
rancisco, CA).
Western Blots
BUD and RED cells were lysed in PBS/1% NP-40/0.5%
deoxycholate/0.1% SDS/5 mM EDTA and the lysate was loaded on
a 4–20% Novex Tris–glycine gel. The gel was run at 100 V and
electroblotted for 60 min at 0.5 A onto a Protran nitrocellulose
membrane (Schleicher and Schuell, Keene, NH). The membrane
was blocked in PBS/5% nonfat milk/0.5% Tween 20/0.01%
thimerosal (assay buffer) for 1 h at room temperature. The blot was
washed in PBS/0.05% Tween 20 (PBST) and incubated with an
anti-phospho-Tyr monoclonal antibody (1/500) (Clontech, Palo
Alto, CA), rabbit anti-ras antiserum (1/400) (Upstate Biotechnol-
ogy, Lake Placid, NY), anti-rat stress-activated protein kinase b NT
Jnk) (1/400) (Upstate Biotechnology), or anti-a tubulin monoclonal
antibody (1/1000) (Amersham, Arlington Heights, IL). The mem-
brane was washed with PBST and incubated for an additional 1.5 h
with a 1:5000 dilution of goat anti-mouse or rabbit IgG peroxidase.
The membrane was washed thoroughly and developed using the
Amersham ECL chemiluminescence system (Amersham).
Northern Blot Analysis
Poly(A)1 RNA blots from the indicated human and adult rat
tissues were purchased from Clontech and hybridized to a 2.12-kb
[a-32P]dCTP cDNA probe for clone 2117, labeled by random prim-
ing (2 3 106 cpm/ml) (Feinberg and Vogelstein, 1983). After a 1-h
Copyright © 1999 by Academic Press. All righthybridization, membranes were washed at 65°C in 0.1 3 SSC/0.1%
SDS and subjected to autoradiography at 270°C.
Production of the Fusion Protein 2117 (P2117)
Extracellular Domains (ECD)–HIS-6
Specific PCR primers were synthesized on the basis of the DNA
sequence of protein 2117 extracellular domains. A HIS-6 tag
sequence was added to each of the C-terminal primers for affinity
purification purposes. The P2117 ECD cDNA was generated by
PCR and inserted into pRK5, an expression plasmid using the
cytomegalovirus promoter/enhancer with simian virus 40 termi-
nation and polyadenylation signals located downstream of the
inserted cDNA. This construct was transiently transfected into
human embryonic kidney 293 cells using Lipofectamine. The
expressed protein was purified using a chelating Sepharose column
charged with nickel (Amersham Pharmacia Biotech, Piscataway,
NJ). Protein concentration was determined by OD280.
RNA Isolation and Quantitative RT-PCR
Viscera from e11 and e12 rats were dissected out and incubated
in the absence or presence of 100 mg/ml MAb 2117 or 100 mg/ml
P2117. After overnight treatment, tissues were processed for cyto-
plasmic RNA isolation using the RNeasy system (Qiagen, Valen-
cia, CA). Quantitative RT-PCR analysis for PDX1 was performed
using an ABI PRISM 7700 Sequence Detection System instrument
and software as previously described (Gibson et al., 1996). The
ribosomal protein L19 (RPL19) was chosen as internal standard to
control for variability in amplification due to differences in starting
mRNA concentration. The relative expression level of the gene of
interest was computed with respect to the expression level of the
internal standard, RPL19 mRNA.
RESULTS
Binding of the MAb 2117 to the BUD/RED Cell
Surface
In order to study pancreatic differentiation, we have
previously established two embryonic pancreatic ductal
epithelial cells lines from rat e12 embryonic pancreatic bud
epithelium (BUD) and rat e17 ductal epithelium (RED) (J.-P.
Stephan et al., submitted for publication). Intact, viable
BUD and RED cells were used to immunize and generate
MAbs (J.-P. Stephan et al., submitted for publication). In
order to characterize the antigen 2117, FACS analysis was
performed using the MAb 2117 on BUD and RED cell lines.
As expected, the two embryonic pancreatic cell lines were
positive for MAb 2117 (Fig. 1A). Immunocytochemistry
performed on BUD and RED cells confirmed that the
BUD/RED staining was localized to the cell surface mem-
brane (Fig. 1B).
Immunolocalization of Ag 2117 during Rat
Development
In order to better characterize the expression of Ag 2117
during development, we used the MAb 2117 to perform an
IHC study in e9 to e18 rat embryo (Fig. 2).
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However, the protein recognized by MAb 2117 is strongly
expressed in the uterine endometrial lining (Fig. 2A). In-
tense and moderate staining is also present in large nerve
fibers in the uterine mesentery and in small nerve fibers
around smaller arterioles, respectively (data not shown). In
the e10 rat embryo, moderate staining is observed in the
notochord and no staining is evident in the floor plate (Figs.
2B1 and 2B2). A weak staining is still present in the uterine
mesothelium. Later, in the e11 rat embryo, the notochord
and the floor plate are stained (Fig. 2C). The MAb 2117 was
strongly reactive with heart, lung, skin, and notochord in
the e12 rat embryo (Fig. 2D). In the e15 (Fig. 2E) and e18 rat
embryos (Fig. 2F) the Ag 2117 is more broadly distributed
and is present in neuronal structures such as the spinal cord
and dorsal root ganglia, some structures in the brain, and in
nerves in the tongue, pancreas, and other organs, but is also
seen in epithelial cells in the olfactory epithelium, pharynx,
FIG. 1. Expression of Ag 2117 at the BUD and RED embryonic
pancreatic ductal epithelial cell surface. Immunofluorescence
staining with MAb 2117 on the BUD and RED cells. Note that the
staining is cell surface in nature.trachea, submandibular gland, thymus, lung, pancreas,
bladder, and rectum. Staining is also observed in the heart
Copyright © 1999 by Academic Press. All rightnd the liver. Note the fact that cardiac expression is
evelopmentally regulated. Staining is absent at e18, in
ontrast to the strong staining seen in the e12 and e15
mbryos (Fig. 2F vs Fig. 2E).
Immunolocalization of Ag 2117 along the
Embryonic Gut
Considering the origin of the BUD and RED cell lines
from primary cultures of dissected rat e12 embryonic pan-
creatic buds and e17 ductal epithelium, respectively, we
investigated the expression of Ag 2117 (BEN) in the devel-
oping pancreas of the rat embryo at e11, e12, e14, and e18
(Fig. 3). In the e11 rat embryo, IHC performed with MAb
2117 revealed a very specific staining along the notochord
and a very strong staining in the abdominal region. Along
the e11 gut, intense signal was observed in the region of the
nascent pancreatic buds (Figs. 3A1 and 3A2). In the e12
dissected pulmonary–digestive tract, strong staining was
observed in the embryonic heart, lung, and developing
pancreas. In the e12 pancreatic buds, Ag 2117 staining was
stronger in the ventral pancreas than in the dorsal pancreas
(Figs. 3B1 and 3B2). When the ventral and dorsal primordia
of the pancreas fused in the e14 gut, Ag 2117 was specifi-
cally expressed in the pancreas at this level of the gut. In the
e18 rat, a strong staining for Ag 2117 was still observed in
the pancreas, now undergoing branching morphogenesis.
The strongest signal is observed in the head of the pancreas
and along the duodenum at the contact point with the
pancreas (Fig. 3D).
Immunolocalization of Ag 2117 in Adult Tissues
In the adult, MAb 2117 staining is still observed in the
brain, the pancreas, and the kidney as well as in nerves in
tissues such as the pancreas (Fig. 4). In the adult brain,
intense staining was observed in the caudate-putamen,
along with fibers of the stria terminalis (Fig. 4A2), in the
subfornical organ and subcommissural organ (Figs. 4A1 and
4A3), and in the pia mater (Fig. 4A4). No staining was
observed in the ventricular epithelium. In the adult pan-
creas, intense staining was detected for Ag 2117 in the
epithelial cells of both ducts and acini. The MAb 2117 was
also strongly reactive in the nerves in the pancreas but no
signal was detected in the islets (Fig. 4B). In the kidney,
there is an intense signal in the urinary epithelium of the
renal pelvis (Fig. 4C1). Moderate staining for Ag 2117 was
also observed in the glomeruli, where the epithelial and
mesangial cells appear positive. The juxtaglomerular appa-
ratus also appears positive, specifically the extraglomerular
mesangial cells, which are intensively stained (Fig. 4C2). In
the kidney cortex, the distal convoluted tubules are positive
for Ag 2117.
Molecular Cloning of Ag 2117 Gene
The cell surface localization of the antigen 2117 and the
fact that the MAb 2117 recognized the native configuration
s of reproduction in any form reserved.
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269Function of BEN during Rat Developmentof the protein made a strategy of panning for cells express-
ing the gene coding for Ag 2117 particularly appropriate.
After transformation of COS cells with a BUD cell cDNA
library, MAb 2117 was used to “pan” for the cells express-
ing the cell surface antigen 2117. After eight rounds of
panning, the clone coding for Ag 2117 was purified and
characterized. COS cells expressing the gene for Ag 2117
showed a high level of binding of MAb 2117 when analyzed
by FACS, while neither antibody bound to mock-
transfected COS cells (data not shown).
cDNA Sequence for Ag 2117
A partial cDNA clone of 2125 bp was purified using the
MAb 2117 in the panning protocol (Fig. 5). The predicted
sequence for Ag 2117 was 100% homologous to that of the
HCA (Uchida et al., 1997), which is the rat homologue of
the human ALCAM (Bowen et al., 1995) and the chicken
neural adhesion molecule BEN/SC-1/DM-GRASP (Burns et
al., 1991; Pourquie et al., 1990; Tanaka et al., 1991). The
predicted amino acid sequence of the rat homologue of
chicken BEN revealed the presence of several glycosylation
sites, which accounts for much of the difference between
the predicted molecular mass (65 kDa) and the 97-kDa
molecular mass observed by Western blotting using MAb
2117 (Fig. 5D).
Ag 2117 Expression in Human Adult Tissues
In order to study the expression of Ag 2117 in various
normal human tissues, Northern blot analysis was per-
formed using the full-length cDNA clone 2117. In normal
human tissues, expression of Ag 2117 mRNA (5 kb) was
detected at a high to moderate level in the pancreas, kidney,
liver, lung, placenta, spleen, prostate, ovary, small intes-
tine, colon, stomach, thyroid, and trachea, but also in the
tissues of the nervous system, including brain and spinal
cord (Fig. 5C). These results are in accordance with the
immunohistochemistry study performed on rat embryo
sections and rat adult tissue sections. In addition, no signal
was detected in the human heart for Ag 2117 mRNA,
suggesting that the expression observed in the embryonic
heart is transient.
In Vitro Effect of the MAb 2117 and the Fusion
Protein P2117
In order to understand the biological role of Ag 2117, we
constructed, expressed, and partially purified a fusion pro-
FIG. 2. Immunoperoxidase staining with MAb 2117 of frozen sect
(D), 15- (E), and 18-day (F) rat embryo frozen sections with MAb 21
rat embryo frozen section. This staining is shown at higher power
11-day rat embryo frozen section. At e12 (D) and e15 (E), the heart stains s
root ganglia (DRG) are stained in e12 and e15 sections. Lung epithelium
Copyright © 1999 by Academic Press. All rightein combining the Ag 2117 extracellular domain with a
IS-6 tag (called P2117). To test the in vitro effects of MAb
117, as well as P2117, on cells expressing the antigens on
heir surface, 5 3 103 BUD cells were plated on day 1, in the
resence of increasing concentrations of MAb 2117, P2117,
r a nonrelevant control antibody (anti-GD tag antibody)
Genentech, Inc.) or control HIS-6-tagged protein (nonrel-
vant single-chain antibody with HIS-6 tag) (Genentech,
nc.). On day 5 of culture, cells were trypsinized and cell
umber and volume determined using a particle count and
ize analyzer (Coulter Z2).
Under these conditions, addition of increasing concentra-
ions of MAb 2117 had no effect on the BUD cell growth
nd volume, except at the highest concentration tested
data not shown), for which a slight inhibition of the
roliferation and an increase of the BUD cell volume were
bserved.
As shown in Fig. 6, culture of the BUD cells in the
resence of P2117 resulted in a dose-dependent inhibition
f cell growth. The minimal concentration of P2117 re-
uired to inhibit growth was 1 mg/ml (15.4 nM). A dramatic
inhibition (.70%) of the proliferation of the cells and an
increase in cell volume (10%) were observed when 100
mg/ml P2117 was added to the culture medium. Increased
cell volume correlated with the decrease in cell number
following treatment with P2117. The effect of P2117 on the
BUD cell growth and volume started only after 3 days of
treatment (data not shown). Addition of a nonrelevant
control HIS-6 fusion protein had no effect on BUD cell
number or volume.
Effect of the Binding of P2117 (BEN) to the BUD
Cells
Considering the effect of P2117 on BUD cell growth and
volume, it seemed possible that, after binding to a mem-
brane binding site, P2117 might signal through changes in
protein phosphorylation of associated cytoplasmic proteins.
After incubation of the BUD cells with or without the
fusion protein P2117 ECD HIS-6 tag, the binding site was
revealed using an anti-HIS-6 tag antibody and a rhodamine-
conjugated anti-IgG (H1L) antibody (Fig. 7A). An intense
signal was detected on the membrane of the cells, at the
level of the intercellular contacts, demonstrating the mem-
brane localization of a P2117 (BEN) binding site on the BUD
cells.
We next wished to determine the influence of treatment
of BUD cells on phosphorylation of cellular proteins. Con-
fluent cell cultures, which had been treated with MAb
from 9- to 18-day rat embryo. Staining of 9- (A), 10- (B), 11- (C), 12-
) Arrows (1 and 2) indicate the location of the notochord in 10-day
and B2. (C) Arrowheads indicate the location of the notochord inions
17. (B
in B1trongly, while by day 18 (F), heart staining is much reduced. Dorsal
is stained from e12 with intestinal staining seen by e12.
s of reproduction in any form reserved.
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271Function of BEN during Rat Development2117, P2117, or a control MAb or protein were lysed and
total proteins were separated by gel electrophoresis, trans-
ferred, and immunoblotted with anti-phospho-Tyr MAb. As
shown in Fig. 7B1, a 5-min treatment of the cells either
with MAb 2117 or with P2117 resulted in numerous
changes of the phosphorylation status.
In order to investigate the transduction pathway impli-
cated in response to MAb 2117 or P2117 treatment, the
same blot was incubated either with anti-ras protein or
with anti-Jnk antibodies. As shown Figs. 7B2 and 7B3, MAb
2117, as well as P2117 treatment, down regulated the ras
proteins and the Jun kinase, respectively, while no change
was observed in the expression of a-tubulin, used as control
(Fig. 7B4).
Effect of MAb 2117 and P2117 on PDX1 mRNA
Level in e12 Rat Gut
In order to investigate the potential implication of Ag
2117 (BEN) during the initiation of the pancreatic differen-
tiation, the effect of an overnight incubation of rat e11 and
e12 gut organ cultures with either MAb 2117 or P2117 on
the expression of the homeodomain transcription factor
PDX1 was studied. As shown in Fig. 8, exposure of e11 gut
cultures to either MAb 2117 or P2117 resulted in PDX1
mRNA down regulation. No effects were observed after
similar treatment of e12 gut organ cultures nor after treat-
ment with anti-rEGP (present on pancreatic ductal cells)
antibody MAb 2160 and protein P2160 (data not shown).
DISCUSSION
A large body of evidence suggests that the early pancre-
atic epithelial cells give rise, during development and under
certain circumstances in the adult, to the ductal, islet, and
acinar cells (Debas, 1997). The mechanisms that regulate
this differentiation process and those implicated earlier
during development in specifying endoderm to a pancreatic
fate remained largely unknown. In order to identify factors
that potentially control the differentiation of these early
pancreatic epithelial cells, we previously established the
BUD and RED pancreatic epithelial cell lines from rat e12
embryonic pancreatic bud epithelium and rat e17 ductal
epithelium, respectively (Stephan et al., 1999). The BUD
and RED cells have markers (cytokeratin 7, PDX1, car-
boxypeptidase A, tyrosine hydroxylase) consistent with
those expected for embryonic pancreatic epithelium. Using
these cells, we generated antibodies that recognized BUD
FIG. 3. Immunolocalization of Ag 2117 at different stages of rat em
e18 dissected viscera with MAb 2117 is presented in (A), (B), (C), a
(N), gut (G), stomach (S), pancreas (P), ventral pancreas (VP), and dorsal p
will give rise to the pancreas as early as e11 (A2). The pancreatic bud s
Copyright © 1999 by Academic Press. All rightnd RED cell surface proteins. Given the data suggesting
he importance of cell contact in regulating development,
e expected that several of these surface antigens would be
mportant during pancreatic differentiation.
We used MAb 2117 to clone the antigen 2117. As shown
y immunocytochemistry and FACS analysis, performed
ith the BUD and the RED cells, MAb 2117 recognized the
xtracellular domain of a transmembrane protein. A strat-
gy of panning using MAb 2117 (Seed and Aruffo, 1987),
articularly appropriate considering the cell surface local-
zation of Ag 2117, allowed us to clone and sequence the
ene coding for this antigen. Analysis of sequences revealed
hat Ag 2117 is identical to the rat HCA (Uchida et al.,
997), homologue of the human adhesion molecule AL-
AM (Bowen et al., 1995), homologue of the chicken neural
adhesion molecule BEN/SC-1/DM-GRASP (Burns et al.,
1991; Pourquie et al., 1990; Tanaka et al., 1991). This
member of the immunoglobulin superfamily of adhesion
molecules is widely expressed during chicken embryonic
development and has been demonstrated to be expressed in
various tissues originating from the three embryonic germ
layers (Pourquie et al., 1992). Furthermore, a regionalized
and transient expression of BEN was described in chicken
epithelial cells (Pourquie et al., 1992).
In this study, a complete immunohistochemistry study
was performed for the first time, on 9- to 18-day rat embryos
and on various adult rat tissues (brain, pancreas, and kid-
ney). This study demonstrates that in the rat, like in the
chicken, Ag 2117 is present in tissues originating from the
three embryonic germ layers. Ag 2117 (BEN) appears first,
in the e10 embryo, in the notochord and later in various
endodermally derived tissues. In contrast to the chicken, in
the rat, Ag 2117 expression in epithelial cells is not tran-
sient and is still observed in various adult tissues including
brain, pancreas, and kidney. It is important to mention that
the staining patterns reported here in the rat reveal simi-
larities to and differences with those described by others
using different antibodies in different species (Burns et al.,
1991; Pourquie et al., 1990, 1992; Tanaka et al., 1991).
Indeed, these other antibodies show a pattern of expression
in chick different from what we report here for the rat, with
earlier expression in dorsal root ganglion, floor plate, dorsal
spinal cord, and other regions of the brain. We have shown
that the epitope recognized by MAb 2117 is in the native
configuration of the extracellular portion of the molecule.
Therefore, the possibility that MAb 2117 recognizes a
posttranslational epitope on the BEN molecule, so that the
observed distribution might reflect only part of the BEN
molecules in the embryo, should be considered. However, it
o development. Staining of e11 whole rat embryo and e12, e14, and
), respectively. Note staining in the heart (H), lung (L), notochordbry
nd (Dancreas (DP). Staining is prominent in the region of the gut which
een on e12 is also prominently stained (B1, B2).
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272 Stephan et al.seems most likely that the BEN molecule is expressed at
FIG. 4. Immunoperoxidase staining with MAb 2117 of frozen se
kidney (C) frozen sections with MAb 2117. Arrowheads indicate t
organ (A3), and the cerebellar cortex (A4). In the adult kidney, no
extraglomerular mesangial cells (C2). The nerves and ducts, but nsomewhat different times and sites in chick and rat.
The HIS-6-tagged fusion protein P2117 was demonstrated
i
i
Copyright © 1999 by Academic Press. All righto be able to bind to BUD cells, inhibit their growth, and
s from adult tissues. Staining of adult brain (A), pancreas (B), and
a-arachnoid (A1), the caudate putamen (A2), the subcommissural
aining of the urinary epithelium of the renal pelvis (C1) and the
e islets, of the adult pancreas (B) stain.ctionncrease the volume of the cells. These two major changes
n the behavior of the cell would be consistent with a
s of reproduction in any form reserved.
273Function of BEN during Rat DevelopmentFIG. 5. Characterization of clone 2117. Partial DNA sequence and deduced amino acid sequence of Ag 2117 are shown in A. The
nucleotide numbering is at the left and amino acid numbering at the right. (B) Kyte–Doolittle plot of the deduced amino acid sequence of
Ag 2117. The predicted start and the plasmid insertion restriction site NotI are indicated. (C) Analysis of tissue distribution of the message
coding for Ag 2117. Poly(A)1 mRNA blots from a variety of adult human tissues were hybridized to the cDNA probes. (D) Immunoblot
analysis of Ag 2117 in BUD cells using MAb 2117.
Copyright © 1999 by Academic Press. All rights of reproduction in any form reserved.
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Copyright © 1999 by Academic Press. All rightcellular differentiation of the BUD cells in response to
P2117 treatment. In addition, the Western blot experiments
gave evidence of cellular modifications of the phosphoryla-
tion pattern and inhibition of the ras and Jun kinase
expression in response to Ag 2117 binding to BUD cell
surface proteins. These results suggest that Ag 2117 (BEN)
plays a role in regulating normal pancreatic epithelial cell
growth through the ras and Jun kinase pathway. The
identification of the binding site for Ag 2117 on the BUD
cell surface is currently under investigation. The type I
membrane protein CD6 appears to be a good candidate,
considering the fact that ALCAM, the human homologue of
BEN/SC-1/DM-GRASP, was previously demonstrated to be
a ligand for CD6 (Bowen et al., 1995).
Similar modifications of the phosphorylation pattern and
ras and Jun kinase expression were also observed in re-
sponse to MAb 2117. However, no effect was observed with
MAb 2117 on BUD cell growth and volume. We cannot
exclude that the timing used to study the effect of MAb
2117 did not allow us to visualize any effect on these two
parameters. Indeed, the cell number and volume were
determined after 5 days and the effect on ras and Jun kinase
after 5 min of MAb 2117 treatment. Note that both the
MAb and P2117 decreased PDX1 mRNA levels after a 12-h
incubation (Fig. 8). Therefore, it is possible that due to the
stability of the antibody itself in the culture medium or to
the half-life of the complex Ag 2117—MAb 2117 on the
BUD cell surface, only the short-term effects (less than 1
day) could be visualized. The effects of P2117 on the BUD
cell growth and volume appear much more like a long-term
effect considering that they started only after 3 days of
treatment. Finally, we cannot exclude that the different
parameters studied (ras, jun kinase, cell growth, and cell
volume) reflect different pathways of activity for P2117 and
MAb 2117.
The effects of MAb 2117 or P2117 overnight treatment on
PDX1 mRNA expression level in the e11 gut reinforce our
hypothesis of a role for BEN during pancreatic differentia-
tion and development. Indeed, several studies have shown
the key role of PDX1 in the early stage of pancreatic
development. First, PDX1 is expressed in the epithelium
where the dorsal and ventral pancreatic evagination appear
(Jonsson et al., 1994). Furthermore, mice with homozygous
utations in PDX1 are born apancreatic (Jonsson et al.,
994; Offield et al., 1996). Finally, coculture studies with
pithelial and mesenchymal cells from normal and PDX1
utant animals suggest that PDX1 allows the early pancre-
tic epithelial cells to be sensitive to mesenchymal signals
nd later acts during the epithelial growth and branching
Ahlgren et al., 1996).
The analysis of Ag 2117 staining during embryonic de-
elopment is consistent with an important role for Ag 2117
BEN) during pancreatic differentiation and development.
ndeed, several physiologic and pathologic facts suggest that
ignals originating from the notochord are able to influenceFIG. 6. Effect of the fusion protein P2117 on BUD cell
number and volume. BUD cells were plated and cultured for 5
days with the addition of 0 –100 mg/ml P2117 (gray, squares) or a
nonrelevant control fusion protein with a HIS-6 tag (white,
triangles). On day 5, cell number (A) and volume (B) were
determined using a particle counter and size analyzer (Coulter
Z2). Each value represents mean 6 SEM of three (A) or two (B)ndoderm and dorsal pancreatic development. First, the
otochord is in direct contact with the endoderm of the
s of reproduction in any form reserved.
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275Function of BEN during Rat Developmentdorsal pancreas when commitment to a pancreatic fate
occurs (Pictet et al., 1972; Wessells and Cohen, 1967). In
ddition, congenital gastrointestinal abnormalities have
een correlated with defects of notochord development
Elliott et al., 1970). Finally, numerous other genes such as
nsulin, neuroD, SHH, Pax-6, Isl-1, and Nkx2.2 are ex-
ressed both in developing neurectoderm and in the pan-
FIG. 7. Effect of Ag 2117 binding to BUD cells. Immunofluorescenc
r 5 days of culture, BUD cells were incubated for 30 min with or wit
sing an anti-HIS-6 tag antibody and rhodamine-conjugated anti-IgG
proteins, and Jun kinase levels in BUD cells after treatment with MAb
with either 10 mg/ml MAb 2117 or 10 mg/ml P2117. After 5 min
electrophoresis, transferred, and immunoblotted with an anti-phosphreas (Ahlgren et al., 1997; Kim et al., 1997; Rudnick et al.,
994; Turque et al., 1994). i
Copyright © 1999 by Academic Press. All rightIn addition, we hypothesize that the binding of P2117 to
he binding site of Ag 2117, potentially CD6, as well as the
inding of MAb 2117 to Ag 2117, blocks the normal
nteraction between the Ag 2117 and its binding site at the
urface of the BUD cells, resulting in the inhibition of the
ell growth, the increase of the cell volume, and the
nhibition of ras proteins and Jun kinase expression.
ining of the fusion protein P2117 after binding to BUD cells. After 4
P2117-HIS-6. The binding site of P2117 ECD HIS-6 tag was revealed
) antibody. (B) Immunoblot analysis of tyrosine phosphorylation, ras
or P2117. After 4 days of culture, BUD cells were untreated or treated
atment, cells were lysed and total proteins were separated by gel
MAb, an anti-ras protein, an anti-Jnk, or an anti-a tubulin antibody.e sta
hout
(H1LOur observations suggest that BEN (Ag 2117), in addition to
ts role during neuronal development, also plays a role at a
s of reproduction in any form reserved.
2117
anal
e inte
276 Stephan et al.specific stage (in e11 but not e12 gut) of pancreatic develop-
ment. Indeed, Ag 2117, which appears first in the notochord
during embryonic development, also seems involved in cell
proliferation, ras protein and Jun kinase induction, and PDX1
expression in the pancreatic endoderm. Therefore, it might
contribute to pancreas development, both during the induc-
tion of the pancreatic bud from the notochord and later by
regulating epithelial cell function directly.
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